Abstract. Neoadjuvant chemoradiotherapy (NACRT) for lower rectal cancer is commonly used in many Western countries. NACRT improves local control, but it may also induce anal dysfunction, postoperative complications, and late effects associated with radiation. Neoadjuvant chemotherapy (NAC) for lower rectal cancer has recently been employed to improve these problems, but the local control effect of NAC when compared with NACRT is controversial. The aim of the present study was to compare the effects of NAC and NACRT using histopathological analysis. The subjects included 16 patients treated with NAC and 10 patients treated with NACRT prior to surgery. Pathological effects on primary lesions and lymph nodes were evaluated based on fibrosis and tumor depth prior to and following preoperative therapy. In the NAC and NACRT groups, the T downgrade rates were 87.5 and 80%, T depth/F depth ratios were 0.61 and 0.73, pathological T downgrade rates were 25 and 40%, pathological complete response rates were 12.5 and 0% for primary lesions and 33.3 and 37.5% for lymph nodes, and the N conversion rates were 80 and 37.5%. There were no significant differences between the groups. These results suggest that the pathological therapeutic effects of NAC were similar to those of NACRT, and NAC may be effective as an alternative therapy to NACRT.
Introduction
Many trials to reduce local recurrence in locally advanced lower rectal cancer have been reported worldwide. In Japan, the standard therapy for locally advanced rectal cancer is total mesorectal excision (TME) and lateral lymph node dissection (LLND), whereas neoadjuvant chemoradiotherapy (NACRT) combined with TME is commonly used in many Western countries. NACRT has been reported to reduce the local recurrence rate, but the prognosis is not improved (1) . Furthermore, NACRT may induce anal dysfunction, postoperative complications, and late effects related to radiation (2) (3) (4) . Therefore, intensive neoadjuvant chemotherapy (NAC) has recently been tried in Japan, since NAC is likely to reduce postoperative complications, maintain better anal function, and achieve early systemic control by using a strong agent, such as oxaliplatin. An advantage of NACRT is improvement of local control. Therefore, if local control of NAC is equivalent to NACRT, NAC may be useful as preoperative therapy. In this retrospective study, we compared histopathological changes and evaluated therapeutic effects in patients treated with NAC or NACRT.
Patients and methods
This retrospective study was approved by the Human Research Ethics Committee of the Hirosaki University Graduate School of Medicine (Aomori, Japan; reference no. 2017-1009). Histopathological evaluation was performed retrospectively with opt-out consent reusing previously obtained specimens for routine pathological diagnosis.
The subjects were 26 patients with locally advanced lower rectal cancer who were treated with NAC (S-1 and oxaliplatin, 3 courses; n=16) or NACRT (5-FU base chemotherapy and 40-45 Gy radiation; n=10) before surgery in our department between June 2002 and June 2016. NAC was introduced for patients participated in the clinical trial of TME and LLND after NAC [phase II study of S-1 and L-OHP neoadjuvant chemotherapy with total mesorectal excision and lateral lymph node dissection for resectable rectal cancer (ACCS-01, UMIN 000019606)] from October 2015 to June 2016. NACRT was introduced for patients with locally advanced low RC from June 2002 to January 2012. Patients of NACRT group were collected retrospectively. TME was performed in all cases and LLND was performed in 21 patients (15 in the NAC group and 6 in the NACRT group). The stage was classified using the Japanese Classification of Colorectal Carcinoma 8th Edition (5) . Resected specimens and lymph nodes were fixed in 10% formalin and embedded in paraffin, prior to staining with hematoxylin-eosin. In the primary tumor, we selected a slice for analysis containing the deepest residual tumor in each case. Parameters for therapeutic effects were defined based on fibrosis (Fig. 1) . The invasion depth of the tumor before preoperative therapy was defined as the depth of fibrosis [distance from mucosa: F depth (mm); invasion depth: Pathological F (pF)]; and the invasion depth after preoperative therapy was defined as the depth of residual tumor [distance from mucosa: T depth (mm); invasion depth: Pathological T (pT)]. Measurements of these depths were performed and evaluated by two surgeons (K.S. and T.M.) and one pathologist (S.M.).
Histopathological therapeutic effects in the NAC and NACRT groups were compared using the following parameters: T downgrade rate: Improvement of invasion depth after preoperative therapy compared with clinical T (cT) and pT (example, in a case of cT3→pT2, T downgrade was achieved); T depth/F depth ratio: The smaller this ratio, the greater the therapeutic effect; pT downgrade rate: Improvement of invasion depth after preoperative therapy compared with pT and pF (example, in a case with pF of A and pT of MP, pT downgrade was achieved); pathological complete response (pCR) rate: Comparison of pCR rate of primary legion and lymph nodes between the NAC and NACRT groups [an example of pCR for lymph nodes is shown in Fig. 1B ; in lymph nodes, cases that were pN negative and without fibrosis were excluded (NAC: n=6, NACRT: n=8)]; and N negative conversion rate: Conversion rate from cN positive (NAC: n=10, NACRT: n=8) to pathological N (pN) negative. Statistical analyses were performed by Mann-Whitney U test and χ 2 test, with P<0.05 considered to indicate a significant difference. These analyses were performed using EZR on R commander version 1.36, programed by Kanda (6) .
Results
Clinical characteristics. The clinical characteristics of the patients are shown in Table I . In the NAC group, the median distance of the tumor from the anal verge was significantly longer (5 vs. 2.5 mm, P=0.01) than in the NACRT group. Our department introduced laparoscopic surgery from 2014. All patients in the NACRT group were performed operation before 2014 and all patients in the NAC group were performed operation after 2014, so all operations in the NACRT group were performed by laparotomy and all operations in the NAC group were performed laparoscopically. The median operation time was significantly longer (286.5 vs. 194.5 min, P<0.01) and median blood loss was significantly lower (55 vs. 546.5 ml, P<0.01) in the NAC group. In all cases in both groups, histological types in biopsy before preoperative therapy were well or moderately differentiated adenocarcinoma. LLND was performed in 15 patients (93.8%) in the NAC group and in 6 (60%) in the NACRT group. Patients of NAC group participated in the clinical trial of LLND after NAC (ACCS-01, UMIN 000019606, described in Patients and methods), so most patients in the NAC group were performed LLND. One patient of NAC group didn't be performed lateral lymph node dissection because the lower margin of tumor didn't present in lower rectum by the results of reexaminations. In the NACRT group, LNND was performed only for patients suspected lateral pelvic lymph node (LPLN) metastasis from preoperative findings. cT grades and cN-positive rates did not differ significantly between the groups.
Pathological characteristics. The pathological characteristics of resected specimens and lymph nodes are shown in Table II . The median T depth (6.0 vs. 6.8 mm, P=0.75) and F depth (10.0 vs. 10.5 mm, P= 0.34) were not significantly different between the groups. pF grade (invasion depth before preoperative therapy) and pT grades (invasion depth after preoperative therapy) were not significantly different between the groups (pF, P=0.05, pT, P=0.05). Positive rates of pathological metastasis to pararectal lymph nodes (PRLNs) were 18.8% in the NAC group and 40% in the NACRT group (P=0.37). Positive pathological LPLN metastasis was seen in only one case in the NACRT group.
Pathological effects. The pathological effects evaluated using the five parameters described in the methods are shown in Table III . None of these parameters showed a significant difference between the NAC and NACRT groups: The T downgrade rates were good in both groups (87.5 vs. 80%, P=0.63), and the median T depth/F depth ratios (0.61 vs. 0.73, P=0.75) and pT downgrade rates (25 vs. 40%, P=0.66) were similar. For the pCR rates, pCR for a primary lesion was achieved only in 2 cases in the NAC group (12.5 vs. 0%, P=0.51), and pCR rates for lymph nodes were similar in the two groups (33 vs. 37.5%, P=1). The N-negative conversion rate: Was slightly but not significantly higher in the NAC group (80 vs. 37.5%, P=0.15). 
Discussion
Many studies of multimodal therapies for locally advanced lower rectal cancer have been reported to improve outcomes. In western countries, preoperative radiotherapy and NACRT have been used for many years, and several randomized controlled trials have shown that preoperative radiotherapy and NACRT improve the local recurrence rate (7) (8) (9) . Therefore, preoperative radiotherapy and NACRT combined with TME are now standard therapies for local advanced lower rectal cancer, but this approach does not improve overall survival (OS) (10) . In contrast, in Japan, TME and LLND are recommended, and preoperative therapy is not included in standard therapy. However, in cases with lymph node metastasis, prognosis is poor even after LLND (11) and this has led to recent introduction of NAC in Japan. The advantages of NAC include possible improved OS by introducing intensive chemotherapy (such as FOLFOX and XELOX, including oxaliplatin) at an early stage; reduced postoperative anal dysfunction, postoperative complications, and late effects due to radiation; and a high completion rate of chemotherapy compared to postoperative adjuvant chemotherapy. A summary of reports (10, (12) (13) (14) (15) (16) (17) (18) (19) of pCR rates using NAC and NACRT is shown in Table IV . In recent reports on the effects of NAC on local control, Schrag et al (14) found a pCR rate for the primary lesion of 25% after 6 courses of FOLFOX and bevacizumab, and Kamiya et al (15) reported a pCR rate of 12.2% after 4 courses of XELOX and a rate of 31.7% for a tumor regression grade (TRG) ≥3. The pCR rates in these reports and our result of 12.5% for NAC are comparable with results for 5-FU-based NACRT. In Japan, SOX is sometimes used for unresectable lower RC as one of the first-line chemotherapy with Bevacizumab. On the other hands, SOX is not used as the adjuvant chemotherapy for colorectal cancer, so Where the n number represents the number of patients who underwent surgery following NAC or NACRT, and their pCR rate was evaluated in the presented studies. NAC, neoadjuvant chemotherapy; NACRT, neoadjuvant chemoradiotherapy; pCR, pathological complete response; 5-FU, Fluorouracil; LV, leucovorin; XELOX, oxaliplatin and capecitabine; FOLFOX, folinic acid, fluorouracil and oxaliplatin.
therapeutic effects of SOX for NAC and adjuvant chemotherapy is controversial. However, SOX have some good points to introduce for NAC; needless to indwell central venous catheter and port system; easy to introduce in outpatient clinic; does not induce hand foot syndrome by Capecitabine, used in XELOX regimen. Even though this study was small size, retrospective study, our result may support the effectiveness of SOX for NAC in low RC. The pCR rate does not reveal detailed histological changes because cases exclusive of pCR are not assessed. Therefore, a more detailed pathological analysis is required in all cases. Sakuyama et al (20) evaluated histological differences between NAC and NACRT for rectal cancer, using fibrosis as a parameter for therapeutic effects. NACRT gave a smaller area of residual tumor and a shallower residual tumor depth than NAC, and ypT downstaging was more prominent with NACRT. However, NAC showed a higher N downgrade rate than NACRT. In our results, both NAC and NACRT had good therapeutic effects on primary lesions and lymph nodes, and the N-negative conversion rate was higher with NAC (80%) than with NACRT (37.5%), although the difference was not significant.
We used the median T depth/F depth ratio as a parameter for therapeutic effects. This ratio became smaller when the depth of fibrosis from the mucosal surface was deeper, with a value of <1 indicating that the depth of fibrosis was deeper than that of the residual tumor. In our cases, the median T depth/F depth ratios were 0.61 with NAC and 0.73 with NACRT. Thus, the values of <1 suggest that both NAC and NACRT had good therapeutic effects that reached deep tissue. These results suggest that NAC and NACRT can contribute to R0 resection. The T depth/F depth ratio has not been used previously, but this parameter is useful for quantitative assessment of therapeutic effects. Sakuyama et al (20) found that NACRT had greater effects than NAC beyond the muscular layer, but in our cases the therapeutic effects of NAC and NACRT in deep regions, as evaluated by the T depth/F depth ratio, did not differ significantly.
This study has several limitations: The sample size was small and cases were analyzed retrospectively; the chemotherapy patients in the NAC group received (SOX) was not standard regimen in the western countries; the patient characteristics in the NAC and NACRT groups were markedly different, so selection bias may be present; and the study only assessed histological effects, and did not assess clinical outcomes, such as local recurrence rate and OS. Therefore, a randomized controlled trial of clinical outcomes of NAC and NACRT is required to compare actual clinical therapeutic effects. Within these limitations, we conclude that both NAC and NACRT are good preoperative therapy from a pathological perspective. NAC gave local control equivalent to that of NACRT, and therapeutic effects for lymph nodes might be better with NAC. These findings suggest that NAC can serve as an alternative therapy to NACRT.
